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September is National Ovarian Cancer Month (American Cancer Society, 2009 ). Ovarian cancer accounts for the highest number of gynecologic deaths and the fifth highest number of cancer deaths in American women (Jemal et al., 2008) . Approximately 21,550 women living in the United States will be diagnosed with cancer of the ovaries in 2009 (Horner et al., 2009) . The Surveillance, Epidemiology, and End Results cancer database shows that the five-year relative survival rate for ovarian cancer is approximately 45.9% (Horner et al.) . Regarding stage distribution for all cases of ovarian cancer, metastatic disease is diagnosed in about 62% of cases, whereas localized and regional disease is diagnosed in 15% and 17% of cases, respectively (Horner et al.) .
Because early-stage ovarian cancer presents with nonspecific symptoms, diagnosis most often is made after the malignancy has spread beyond the ovaries (O'Rourke & Mahon, 2003) . Mortality rates for this type of malignancy are high because of a lack of an early-stage screening method (Visintin et al., 2008) . The 10-year survival rate for localized ovarian cancer is approximately 90%. It drops significantly to about 60% for regional disease and about 20% for metastatic disease. This is the basis for continued research efforts to obtain highquality screening techniques for early detection of ovarian cancer (Chambers & Vanderhyden, 2006) .
Because of a low prevalence of ovarian cancer in U.S. women, an ovarian cancer diagnostic or screening test must have a minimum of 99.6% specificity before it can be used routinely in the general population of postmenopausal women (Jacobs & Menon, 2004) . Such a test may offset potential morbidity and mortality, which can be associated with complications of surgery for patients who have false-positive ovarian cancer screening tests (Jacobs & Menon) . See Figure 1 regarding clinical uses of a diagnostic tool. An ovarian cancer screening test also should have high sensitivity (i.e., positive test in women with the disease) and a suitable positive predictive value (PPV) (O'Rourke & Mahon, 2003) . PPV is the likelihood that a person has a particular disease when he or she has a positive test result for that disease. Negative predictive value (NPV) is the likelihood that a person does not have a particular disease when he or she has a negative test result for that disease (Visintin et al., 2008) .
Current Screening Methods
Routine screening for ovarian cancer in the general population is not recommended (U.S. Preventive Services Task Force, 2005) because traditional screening methods are not sensitive and specific enough (Nossov et al., 2008) . The workup for women who have signs and symptoms suggestive of ovarian cancer may include abdominal and pelvic examination, ultrasound, abdominal and pelvic computed tomography, cancer antigen 125 (CA-125) testing, laparotomy (National Comprehensive Cancer Network, 2008) , and laparoscopy. Signs and symptoms are as follows (National Comprehensive Cancer Network).
• Suspicious pelvic mass palpable on physical examination
• Ascites and abdominal distention • Symptoms (e.g., bloating, abdominal or pelvic pain, eating difficulty, feeling full quickly after eating, urinary symptoms such as urgency or frequency) not indicative of another malignancy Women who are at high risk for developing ovarian cancer (i.e., family history of ovarian or breast cancer or health history of breast cancer) sometimes undergo transvaginal ultrasound (Jacobs & Menon, 2004) .
Proteomics
Proteomics is the complex study of the human proteome, which consists of a dynamic wide range of individual proteins. Proteomic technology has the potential to help develop diagnostic tools for the detection of cancer. Since the turn of the century, a number of techniques have emerged for identifying and characterizing proteins (Jacobs & Menon, 2004) . The technologies are advantageous because • Determines future risk of a disease • Screens for and/or confirms presence of a disease • Determines staging and/or prognosis of a disease • Monitors and/or optimizes treatment outcomes for a disease they now can identify several potential biomarkers in a small serum sample. Someday, biomarkers may be helpful in diagnosing early-stage disease and monitoring recurrence of disease (Nossov et al., 2008) . See Table 1 for a proposed guide for the creation of a protein biomarker. Originally, new biomarkers were identified with cells or tissues from patients with cancer versus healthy controls. More recently, biomarkers are identified with serum or urine samples of those two groups (Gagnon & Ye, 2008) . Human serum is a protein-rich environment and, therefore, is well suited for detecting biomarkers in clinical proteomics. "Cancer is a product of the proteomic tissue microenvironment" (Calvo, Petricoin, & Liotta, 2005, p. 67) .
Evidence for Use of Serum Protein Biomarkers
A group of researchers, mostly from Yale University School of Medicine in New Haven, CT, used a novel serum test consisting of six protein biomarkers collectively to detect ovarian cancer (Visintin et al., 2008) . The study group consisted of 156 patients newly diagnosed with ovarian cancer (i.e., preoperative) and 362 healthy controls. Serum samples were collected from 2002-2006. See Table 2 for individual characteristics and uses of the six biomarkers. In the study, about 75% of the patient group had advanced (i.e., stage 3 or 4) ovarian cancer and about 25% had early-stage (i.e., stage 1 or 2) disease. The performance of the six-biomarker serum test was studied in a test population (i.e., blinded cohort) to determine whether the diagnostic test could differentiate ovarian cancer samples from control samples. Complex quantitative analysis of the six protein biomarkers included the use of two platforms. See Table 3 for characteristics for the two platforms.
Results supported that the six-biomarker serum test can distinguish between women with and women without ovarian cancer with a sensitivity of 95.3% and specificity of 99.4%. The PPV and NPV for the test population were 99.3% and 99.2%, respectively. The serum test delineated early-stage ovarian cancer with 91.6% sensitivity. This is significantly higher than the sensitivity for CA-125 (i.e., less than 60%) (Jacobs & Menon, 2004) , which is the only other biomarker available for diagnosing ovarian cancer. Individually, the six biomarkers did not sufficiently separate the ovarian cancer samples from healthy control samples. Although the actual values for each biomarker differed in the two platforms, the trend differentiating the presence or absence of ovarian cancer was retained (Visintin et al., 2008) .
A similar serum test (i.e., consisting of four biomarkers listed in Table 2 ) was used by Mor et al. (2005) . It diagnosed new ovarian cancer cases and recurrent disease with a sensitivity of 95% (i.e., 5% false negatives) and a specificity of 95% (i.e., 5% false positives). Two other retrospective studies, whose researchers were mainly from Johns Hopkins Medical Institutions in Baltimore, MD, or the University of California, Los Angeles, used four serum biomarkers to detect early-stage ovarian cancer (Nossov et al., 2008) . The two studies diagnosed the malignancy with sensitivity (i.e., May be linked to hypothalamic gonadotropin-releasing hormone secretion Levels may be affected by timing of serum collection in relation to disease onset MIF Is a proinflammatory cytokine (i.e., protein) that regulates inborn and modified immune responses in biologic processes (e.g., tumor growth, progression) Not related to normal physiology of ovaries Mean levels are much higher (i.e., p < 0.001) in patients with ovarian cancer compared to healthy women.
Osteopontin a Mean serum levels are higher (i.e., p < 0.01) in patients with ovarian cancer compared to healthy women. Specificity of osteopontin predicting ovarian cancer is 54.7% but increased to 87.4% when both osteopontin and CA-125 levels were elevated in the same patient. 83%-89%, respectively) and specificity (i.e., 94%-97%, respectively) well below that which is desired for ovarian cancer screening in the general population. Improvements have been made in the surgical and chemotherapeutic management of ovarian cancer (Jacobs & Menon, 2004) . Significant progress also has been made in understanding its pathophysiology. However, that has not rendered improved survival rates. Prospective investigation using serum protein biomarker(s), which has shown high sensitivity and specificity for diagnosing ovarian cancer, has the potential to advance early detection and improve morbidity and mortality for the disease (Nossov et al., 2008) . Because of the complex nature of ovarian cancer, researchers presume that more than one biomarker will be required to detect all stages and types of the malignancy. Sharing of information among researchers may lead to faster discovery, validation, and approval of biomarkers for ovarian cancer screening (Gagnon & Ye, 2008) .
To date, no evidence-based test is available for detecting ovarian cancer in its early stage (Nossov et al., 2008 (Visintin et al., 2008) Innovative assay for analyzing multiple protein biomarkers in single serum sample Replicated data (i.e., concentrations of prolactin, leptin, osteopontin, IGF-II) from previous ELISA analysis with 95% sensitivity and 94% specificity Used three different algorithms to evaluate classification accuracy ELISA-enzyme-linked immunosorbent assay; IGF-II-insulin-like growth factor II Note. Based on information from Mor et al., 2005; Visintin et al., 2008. 
